Ocimum basilicum L., popularly known as sweet basil, is a Lamiaceae species whose essential oil is mainly composed of monoterpenes, sesquiterpenes and phenylpropanoids. The contents of these compounds can be affected by abiotic and biotic factors such as infections caused by viruses. The main goal of this research was an investigation of the effects of viral infection on the essential oil profile of common basil. Seeds of O. basilicum L. cv. Genovese were sowed and kept in a greenhouse. Plants presenting two pairs of leaves above the cotyledons were inoculated with an unidentified virus isolated from a field plant showing chlorotic yellow spots and foliar deformation. Essential oils of healthy and infected plants were extracted by hydrodistillation and analyzed by GCMS. Changes in essential oil composition due to viral infection were observed. Methyleugenol and p-cresol,2,6-di-tert-butyl were the main constituents. However, methyleugenol contents were significantly decreased in infected plants.
The genus Ocimum L. (Lamiaceae) comprises 30 -160 annual and perennial herbs and shrubs, collectively called basil. Species of this genus are popular sources of essential oils and aromatic compounds, of condiments, and ornamental plants. The most cultivated species worldwide are O. africanum Lour., O. americanum L., O. basilicum L., O. gratissimum L., O. minimum L. and O. tenuiflorum L., mainly due to their economic and medical importance [1] .
Ocimum basilicum L., popularly known as common or sweet basil, is an annual crop widespread in Asia, Africa, South America and the Mediterranean region. It is widely cultivated in many countries under natural and greenhouse conditions [2] . O. basilicum leaves are used in infusions and decoctions for sore throats, dizziness, convulsion, colds and vomiting [3] . Sweet basil is also used as a raw material for the essential oil and drug industries [4, 5] . In Brazil, this species is used as a food condiment either in natura or manufactured, and for essential oil extraction [6] .
O. basilicum essential oil is constituted of phenylpropanoids, like eugenol, chavicol and its derivatives, and terpenoids, like limonene, linalool and methyl cinnamate [7] . Masi et al. [8] , studying nine different cultivars of O. basilicum commonly utilized in the Mediterranean area, were able to indentify five distinct chemotypes based on the main essential oil constituent. Iso-pinocamphone (35.1%) and carvone (39.7%) were the predominant components of the essential oil in cultivated O. basilicum at the Garden of Medicinal Plants in Salerno [9] . Essential oils are influenced by environmental (drought, temperature) and biological factors (pathogens, herbivores). These might be responsible for a decrease in the crude essential oil amount, and for changes in their composition [10] .
Virus infecting plants are pathogens responsible for considerable economic losses [11] .
A comparative analysis of essential oil yields from fresh aerial parts of Lavandula hybrida "Alardi" (Lamiaceae) showed that AMV (Alfalfa mosaic virus) infection reduced the volatile oil fraction by 36%, with a net decrease in monoterpene content accompanied by a 50% increase in sesquiterpenes [12] .
The natural occurrence of Cucumber mosaic virus (CMV) and Broad bean wilt virus (BBWV) associated with chlorotic spots and leaf distortion in basil has already been NPC Natural Product Communications 2011 Vol. 6 No. 8
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reported [13] . Ring spots, leaf distortion, and severe mosaic symptoms induced by Tomato spotted wilt virus [14] , and interveinal chlorosis caused by Pepino mosaic virus (PepMV) on basil (O. basilicum) were also reported [15] . Despite these reports, no data were available about essential oil composition resulting from viral infection of sweet basil. Thus, the main goal of this research was to investigate the influence of natural virus infection on the composition of O. basilicum essential oil.
Mechanical transmission of isolated field-basil virus did not induce visible symptoms on healthy basil plants in laboratory experiments. Failure in mechanical transmission of the virus can be related to host plant conditions, environmental factors, and/or virus concentration in the inoculum [17] . The presence of inhibitory substances can also be addressed as a possible reason. The virus was not transmitted after aphid-transmission assay in a nonpersistent manner. Notwithstanding, healthy basil plants submitted to aphid-transmission assay in a circulative manner developed the same symptoms observed on naturally infected plants, detected as chlorotic yellow spots and leaf distortion.
Among the aphid-transmitted viruses in a circulative manner are species of Luteoviridae (Luteovirus, Polerovirus and Enamovirus), Nanoviridae (Nanovirus and Babuvirus), Rhabdoviridae (Cytorhabdovirus and Nucleorhabdovirus) and Umbravirus [18, 19] . The natural occurrence of the above mentioned viruses on O. basilicum has not been reported so far. However, based on some properties of the virus under study in the present research, for example, the failure of mechanical transmission, the successful transmission by M. persicae in a circulative manner, and the induction of foliar yellow chlorosis, the presence of a Luteoviridae virus can be suggested [19] .
Many members of the Luteoviridae are phloem-limited, causing 'yellow'-type diseases [19] . Moreover, Tomas and Hassan [20] reported O. basilicum as an experimental host for Potato leafroll virus (Polerovirus), a member of the Luteoviridae family.
Previous studies have already reported rigid particles associated with chlorotic spots for Ocimum sp in Brazil [16] . However, in the present study, transmission electron microscopy was not able to unveil any virus particle from naturally infected O. basilicum, probably due to a low virus concentration in the plant.
Based on available data, the virus from the studied basil remains unidentified, although a member of the Luteoviridae might be involved. Further analyses using common host plants susceptible to aphid transmission, different buffer solutions in the mechanical transmission assay, and serological and molecular tests [19] are being conducted.
Although the virus has not been identified, it is well known that viral infection can induce varied plant metabolism changes, modifying respiration rates, photosynthesis, and transpiration [17] . However, there are few papers concerning secondary metabolism changes in virus infected plants [12, [21] [22] [23] .
Both, healthy and infected plants of O. basilicum cv. Genovese presented methyleugenol and p-cresol,2,6-ditert-butyl as main constituents (Table 1 ). Essential oil analyses of O. basilicum cv. Genovese Gigante from different regions in Italy showed methyleugenol and eugenol as main constituents. Besides these compounds, linalool, cineole, camphene and cadinene were also found [24] . In the present study, linalool, eugenol, trans-αbergamotene, bergamotene, 3-carene, β-ocimene, βfarnesene, δ-cadinene and (Z,E)-α-farnesene were also detected ( Table 1) .
Quantitative comparison concerning the two main constituents showed a significantly larger amount of methyleugenol in healthy plants than in infected ones. Even though an increase in p-cresol,2,6-di-tert-butyl amount has been observed in infected plants, no significant difference was detected ( Figure 1 ). Essential oil yield reduction and qualitative differences were also observed in Salvia sclarea infected by Broad bean wilt virus (BBWV) [21] . Qualitative differences were observed between healthy and infected plants. Some constituents, such as linalool and eugenol, were found only in healthy plants, while others, like bergamotene, were detected only in infected plants ( Table 1) . Variability in essential oil amount and composition related to pathogen infection was also detected in Hypericum perforatum L. infected by phytoplasma [10] . Reduction in essential oils after viral infection has been pointed out for Lamiaceae species, for example, Salvia sclarea, Lavandula vera and its hybrids, and Agastache anethiodora [12, 21, 22] . Duarte et al. [23] observed a decrease in total phenolics and alkaloids from virus-infected Datura stramonium.
Higher amounts of non-identified compounds were detected in infected plants than in healthy ones. Plant defense mechanisms, which include new genes activation, might be correlated to the production of new compounds and/or their accumulation. This defense response is a determinant event in plant protection [25, 26] . These results reveal that sweet basil plants infected by natural-basil virus transmitted by aphids in a circulative manner have changed the essential oil composition, with a significant decrease in methyleugenol production, an apparent increase in p-cresol,2,6-di-tert-butyl, and higher amounts of non-identified compounds.
Experimental
Plant material: Seeds of sweet basil (Ocimum basilicum L. cv. Genovese) were sowed on a tray filled with sterilized soil, kept inside a greenhouse, and watered twice a day. Seedlings with 2 pairs of leaves above the cotyledons were inoculated with the virus.
Virus inoculation -Mechanical transmission:
The inoculum was obtained from leaves of naturally infected basil by grinding in mortar with 0.01 M phosphate buffer (PB) and 0.5% sodium sulfite, pH 7.0. The extract (inoculum) was rubbed with a pistil over the second pair of leaves above the cotyledons of healthy basil plants. [27] : Laboratory aphids (Mysus persicae) were isolated in Petri dishes for 30 min (starvation period) and then fed on naturally virus-infected basil plants for 10 min. Aphids were transferred to healthy basil plants (10 aphids/plant), kept for 10 min and removed. [27] : The aphids (approx. 100) were transferred from the virus-free stock plants to naturally infected O. basilicum and kept for 1 h. After this period, the aphids were transferred to healthy basil plants (10 aphids/plant), kept for 24 h and removed. As a control, the same procedure was performed with aphids kept on healthy plants.
Virus inoculation -Aphid transmission in a nonpersistent manner

Virus inoculation -Aphid transmission in a circulative (persistent) manner
Essential oil extraction and analysis:
Essential oils were extracted from aerial part of 5 healthy and 5 virus-infected plants, 20 days after virus transmission. Extraction was made by hydrodistillation in a Clevenger apparatus for 3 h and oils stored at -20°C until analysis. Samples were injected into a GC/MS (Agilent 6890/5975B) employing a DB -5 HT column (30 m x 0.32 mm i.d. x 0.10 µM film). Initial oven temperature was 45°C, increasing at 6°C/min up to 200°C, and then heated at 15°C/min up to 250°C, remaining for 1 min. Injector temperature was 300°C. Helium was used as carrier gas at 1.3 mL/min. The sample injection volume was 1 μL and the split ratio was 50. Source and quadrupole temperatures were 230 o C and 150 o C, respectively. The electromultiplier voltage was adjusted to 70 eV. Compounds were identified by comparing their mass spectra with data available in the NIST 05 MS library. Oil component proportions were submitted to the t-student test at 5% of probability.
